Two new protocols for infecting non-mammalian embryos with viruses, together with RNA inhibition, have provided evolutionary developmental biologists with the tools to study the effects of manipulating gene activity in a wide range of species, allowing them to test hypotheses rather than rely on inference from similarity.
Very early in arthropod development, a Giant, a Hunchback and a Cripple control the embryo in domains known as 'gaps'. Wherever two gaps meet, a great conflagration occurs; messengers such as Eve, Ftz and Runt appear, and this seems to be associated with division of the embryo into segments. These messengers behave quite differently according to which species they find themselves in: sometimes they come in pairs, sometimes singly; sometimes they appear simultaneously, sometimes one after another. But across the realm of arthropods, an amazing thing happens and in time, near the boundaries of each segment, Wingless and Engrailed always appear in stripes next to one another. Wingless and Engrailed are such universal companions that they must need each other to appear, and they must be doing something ever so important.
The just-so part of this story of course is the inference that, because the expression pattern of two genes is highly conserved across species, they must be doing pretty much the same thing in those species as they do in the most wellstudied species, usually Drosophila. Hitherto there has been no way to test such hypotheses, or for that matter to address the reasons for any departures from the usual pattern. Just over a century ago, Wilhelm Roux saw this as a serious problem, and founded a new archive dedicated to experimental developmental biology. This archive is the journal now called Genes, Development and Evolution, reflecting the advance that genetic manipulation has been added to surgery as an experimental tool, at least in model systems.
Four papers [2] [3] [4] [5] published in the last six months have ushered in a new era in comparative biology, as they set the stage for genetic tampering in species for which mutational dissection is difficult or impractical. As recently reported in Current Biology, Nipam Patel's group [2] has harnessed the Lepidopteran baculovirus (Figure 1a ) to study the relationship between Engrailed and Wingless expression in the flour beetle Tribolium. Their results confirm that the functional interaction between these genes, inferred from comparison with Drosophila, is indeed conserved. Sean Carroll's group, in collaboration with Stephen Higgs [3] , has harnessed mosquito Sindbis virus (Figure 1b) to drive ectopic expression of the homeotic gene Ultrabithorax in the forewing of a butterfly. This resulted in transformation of patches of cells into hindwing identity, again as predicted.
A few months ago, a collaboration between Jim Mahaffey and Sue Brown in Robin Denell's group [4] opened the new journal Evolution and Development with a convincing demonstration that interference with expression of another homeotic gene, Deformed, using the 'RNA interference' (RNAi) technique [5] -where gene expression is blocked post-transcriptionally by a poorly understood process involving a double-stranded RNA copy of the target gene sequence -disrupts Tribolium head development, just as mutation of the fly gene interferes with embryonic head development. Finally, Lohmann et al. [6] have also used RNAi to demonstrate that loss of function of the head-specific gene ks1 disrupts head formation in the cnidarian Hydra.
How feasible will it be for these techniques to gain widespread application? As far as RNAi is concerned, there do not seem to be any obstacles beyond efficient delivery, which is generally easier to achieve during embryogenesis than adult morphogenesis. Until the mechanism by which RNAi blocks gene expression is elucidated, there will always be some doubts about specificity and interpretation, but appropriate controls can deal with such criticisms. The technique is so simple -essentially, subcloning your gene in an expression vector, and injecting or feeding animals with in vitro transcribed RNAthat there is no reason why any laboratory should not be able to give it a go.
Virus-mediated overexpression of a gene is a bit more tricky and may require a definite commitment to a year or so of tinkering. The idea is fairly straight forward -clone your engineered gene into a modified virus, using in vivo recombination in the case of baculovirus, isolate viral particles, and inject these into the embryo -but there are several steps to be mastered. Both Sindbis virus [7, 8] and baculovirus [9, 10] have already gained widespread use in different settings, so the biology of the viruses is well understood, and resources such as vectors and cell lines are available. Both groups [2, 3] have provided detailed protocols as supplementary material obtainable from the Current Biology web site. What is not yet clear is how efficient transformation of other potentially infectable species groups -such as priapulids, horseshoe crabs and sea urchins -will be. What size clones can be expected? Is the virus toxic, as baculovirus is to butterflies [2] ? Does the virus have to be injected into a particular body cavity?, Are some tissues refractory or inaccessible? These issues will only be addressed by experimentation.
What types of question can be addressed with these new protocols? The two new studies [2, 3] have demonstrated two of the most obvious applications. Lewis et al. [3] have shown that ectopic expression of Drosophila Ultrabithorax can cause homeotic wing transformations in butterflies [11] , and disrupt head development in a manner that is consistent with homeotic transformation [12] in Tribolium. Hence, an immediate application of the technique is in establishing the morphogenetic function of a gene, in the context of all the usual caveats of ectopic expression studies: negative results may not mean anything, and positive ones may be hard to interpret.
Nevertheless, given an effect, viral-transfection immediately establishes a bioassay that may be useful for dissecting the function of divergent protein sequences. Oppenheimer et al. [2] have shown how the technique can be used to study gene interactions independently of morphogenesis. They have demonstrated that ectopic wingless expression can induce patches of engrailed expression, but only in a restricted portion of each segment of Tribolium, thus providing direct evidence for domains of competence in the beetle germ band [13] (see Figure 2) . Provided that clones are large enough, and injection is easy enough to support the generation of tens, if not hundreds, of infection events, the potential of this technique to test mechanistic hypotheses is enormous.
Numerous other applications can be envisaged, but have not yet been established. It would be a major advance if regulatory sequences could be shown to drive reporter gene expression only in particular tissues, as this would establish an assay for investigating divergence in promoter and enhancer function. Sindbis is an RNA virus that can only accommodate up to 3 kilobases of foreign DNA, so is inappropriate for this purpose, but baculovirus will accept at least 30 kilobases, and perhaps up to 100 kilobases [8] , so there is some real hope here. This large carrying capacity also allows more than one gene to be introduced at a time [2] , allowing inclusion of a tracer such as the gene for green fluorescent protein (GFP) or another gene with a related developmental function. In vertebrate systems, viruses have been extremely useful for lineage tracing studies, where replication-defective viruses carrying a reporter gene (or detectable epitope) can be traced in single clones of cells [14] . This would be a terrific boon to comparative invertebrate embryology and neurobiology. Two obvious problems to be overcome are first, that neither virus is integrative, so replication defective forms tend to dilute during development, and second, that periplasmic injection allows the virus to diffuse and infect cells at opposite ends of the embryo, thus confusing the interpretation of what is clonal. Neither group discusses whether such applications are close to hand in their papers [2, 3] , but it may just be a matter of investing the effort.
A crucial issue concerns viral tropism, and again there is good news. Lewis et al. [3] detected GFP expression in nauplii of the brine shrimp Artemia after simply feeding them on Sindbis-virus-infected mosquito cells, suggesting that most arthropods may be amenable to infection. Data on annelids and molluscs is eagerly awaited. Oppenheimer et al. [2] also found that baculovirus will infect Xenopus embryos, which opens up the field to essentially any animal species -and perhaps suggests that we should pay some attention to the other edge of the sword. Anyone doing viral experiments, particularly with replicationcompetent Sindbis virus, would probably want to be comfortable with the thought that they are playing with oncogene homologs and the like, which might just be able to find their way into their own bodies should the tip of a needle hit the wrong place at the end of a long night of injections. Some of these experiments require biosafety level 2 containment facilities to protect, not just the scientists, but the environment as well: there are reports of vertical transmission of Sindbis virus in the wild [15] . Nevertheless, it should be interesting to watch evolutionary developmental biologists stretch their imaginations to find new ways to justify the stories they tell. 
